AIMS: To verify if plasma leptin concentrations of newborns at birth differ signi®cantly between sexes; and to investigate the potential interactions between plasma leptin and growth-regulating hormones at birth. SUBJECTS: 98 healthy newborns (48 male, 50 female) were studied. Leptin, insulin, cortisol, insulin-like growth factor-1 (IGF-1), testosterone, and sex hormone binding globulin (SHBG) concentrations were measured from venous blood collected from the umbilical cord vein immediately after birth. RESULTS: The serum leptin concentration of newborns averaged 8.05(0.5) ngaml. Females had signi®cantly (P`0.005) higher serum leptin values than males [9.6(0.8) vs 6.0(0.6) ngaml]. IGF-1 was signi®cantly (P`0.05) higher in females than in males [87(4) vs 74(5) m mgal], whereas SHBG was slightly lower [29(1) vs 33(2) nmolal]. Insulin, cortisol, and testosterone serum concentrations were not statistically different between the sexes. Among the variables examined, birth weight (expressed as Z-score of weight) and insulin showed the highest degree of relationship with serum leptin in newborns (r 0.48 and r 0.31 respectively, P`0.001). Multiple regression analysis showed that Z-score of birth weight, gender and cortisol were able to account for %44% of inter-individual variability of serum leptin concentrations in newborns. CONCLUSIONS: Female newborns have signi®cantly higher serum leptin concentrations than males. Insulin, IGF-1, testosterone, and SHBG did not independently affect leptin inter-individual variability when gender, Z-score of body weight, and cortisol were taken into account. Other factors may be involved in the differences in circulating leptin concentrations between the sexes in newborns.
Introduction
Leptin, an adipocyte-speci®c hormone, has been detected in the cord blood of 18-week old foetuses. 1 Leptin concentrations increase with gestational age and weight, 1 ± 4 and show a signi®cant relationship with fat mass. 5 Studies conducted in children and adults have suggested that leptin plays a role in the regulation of body weight and body fat in humans. 5 ± 7 Leptin may affect both factors of energy balance: energy intake and energy expenditure. 8, 9 Signi®cantly higher plasma leptin levels (adjusted for fat mass) have been found consistently in females than in males, both in children and in adults. 5 ± 7 Contrasting data have been reported in newborns, however. 1 ± 4 Interactions between leptin and other hormones (insulin, cortisol, sex hormones, insulin-like growth factor-1 (IGF-1)) have been reported in studies performed in vitro and in vivo. 10 ± 15 Very little information is available on the relationships between circulating leptin and these hormones in newborns. 2, 16 Therefore, the purpose of the present study was: (1) to verify whether serum leptin concentrations of newborns at birth are signi®cantly different between sexes; and (2) to investigate the potential relationships between serum leptin and plasma insulin, cortisol, IGF-1, testosterone, estradiol, and sex hormone binding globulin (SHBG) at birth.
Materials and methods

Subjects
The study population consisted of 98 healthy-at-term newborns (48 males and 50 females), whose characteristics are shown in Table 1 . All pregnancies and deliveries were without complications. Deliveries were normal vaginal. Informed consent was obtained from all mothers and the study protocol was approved by the Ethical Committee of the University of Verona, Italy, before the start of the study.
The mothers' weight and height were measured before delivery, whereas weight and height before pregnancy were self-reported by the mothers them-selves. Placental weight and the weight and length of the newborns were measured immediately after delivery. A standardized washingamembrane trimming technique was used for measuring placental weight. Body weight divided by body height was calculated for each baby. The ponderal index [weight(kg)a height(m) 3 ] was also calculated. To standardize body weight at birth of the newborns with different gestational age, Z-scores of birth weight were calculated in both males and females using reference birth weight percentile tables for the Italian population. 17 
Blood sampling
A blood sample was collected from the umbilical cord vein immediately after birth. The blood was centrifuged and the sera obtained were immediately frozen and stored at À20 C for later analysis of leptin, insulin, IGF-1, cortisol, testosterone, estradiol and SHBG. The samples were not thawed until the analyses were to be performed. For each parameter, all samples were run in the same assay.
Hormone measurements
Serum leptin was measured by a speci®c radioimmunoassay (RIA) with minor modi®cations. Recombinant human leptin was used for the production of a high titre polyclonal antiserum in rabbit 18 and for the preparation of a tracer by conjugating the protein with 125 I (LINCO Research, Inc., St Charles, MO, USA). Human growth hormone, glucagon, C-peptide, proinsulin, insulin, and IGF-1 did not cross-react with the antiserum. The assay buffer was composed of 0.05 mmolal phosfosaline pH 7.4, 0.1% sodium azide, 0.05% (v : v) Triton X 100 and 1% BSA. Maximal tracer binding was 35 ± 45% and half maximal binding occurred at 6.0(1.0) ngaml unlabelled leptin. Sensitivity was 0.5 ngal and the intra-and inter-assay coef®cient of variation (CV) were 0.8% and 8.5%, respectively. Percent recovery and linearity, calculated on observed vs expected values, were 4(1)% and 1.2(0.5)%. Insulin was measured in duplicate by a speci®c RIA (cross reactivity with human proinsulin`5%), using a Biosource kit (Fleurus, Belgium). Sensitivity was 1 mUaml and the intraassay CV was 4.0%. Cortisol was measured by a competitive chemiluminescent assay, automated on ACS: 180 (Chiron Diagnostics, East Walpole, MA, USA). Sensitivity was 5.9 nmolal and the intra-assay CV was 5.5%. IGF-1 was measured by a solid phase sandwich immunoradiometric assay, using a kit made by CIS Bio International (Gif-sur-Yvette, France). Sensitivity was 0.45 ngaml and the intra-assay CV was 1.5%. SHBG was measured by a solid phase sandwich chemiluminescent immunoenzymatic assay automated on Immulite DPC (Los Angeles, CA, USA). Sensitivity was 0.2 nmolal and the intra-assay CV was 6.0%. Testosterone was measured by competitive RIA using a direct automated chemiluminescent system (Chiron Diagnostics, East Walpole, MA, USA) with an intra-assay CV of 4.5%. Estradiol was measured by competitive RIA, using a direct automated chemiluminescent system (Chiron Diagnostics, East Walpole MA, USA) with an intra-assay CV of 5.9%. However, serum estradiol concentrations were higher than the maximal detectable level for the method of measurement we used on more than 90% of the newborns. Therefore, we did not include estradiol in the statistical analysis.
Statistical analysis
Data are presented as the mean (s.e.). The unpaired Student's t test for parametric data and the MannWhitney U test for non parametric data were used. Spearman's test was used to assess the relationships between continuous variables. Leptin was log 10 transformed to normalize the distribution before simple and multiple regression analyses. Multiple regression analysis with a stepwise procedure was run, using log 10 leptin as the dependent variable and Z-score of birth weight, gender, and cortisol as the candidate predictive variables, to evaluate the respective in¯u-ences of all these parameters on serum leptin concentrations. IGF-1 and insulin were not included among the independent variables in the multiple regression analysis because they signi®cantly correlated with Z-score of body weight, and with each other. All the analyses were two-tailed and conducted with Statview 4.5 software, Abacus Concepts Inc., USA. IQR interquartile range; IGF-1 insulin-like growth factor-1; SHBG sex hormone binding globulin.
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Results
The newborns' serum leptin concentrations averaged 8.05(0.5) ngaml, ranging from 0.8 to 26.9 ngaml. Females had signi®cantly (P`0.005) higher serum leptin values than males (Table 1) . Placental weight was lower (P`0.05) in female than in male newborns, whereas there was no statistical difference in the gestational age and birth weight between males and females. A relationship between placental weight and Z-score body weight was found in both sexes (r 0.48 and r 0.50, P`0.01, in males and females, respectively). Mothers' body mass index (BMI) before pregnancy and at delivery, as well as their BMI variation during pregnancy, were not signi®-cantly different between those who had males and those who had females (data not shown). IGF-1 was signi®cantly (P`0.05) higher in females than in males, whereas SHBG tended to be slightly higher in males (Table 1) . Insulin, cortisol, and testosterone serum concentrations were not statistically different between sexes.
In the whole sample of newborns, serum leptin concentrations (log 10 transformed) showed signi®cant relationships with gestational age, birth weight, Zscore of birth weight, ponderal index, insulin, IGF-1 and cortisol serum concentrations (Table 2) . Among the evaluated variables, birth weight showed the highest level of relationship with serum leptin in newborns (Figure 1) . Of the hormones, insulin showed the strongest relationship with serum leptin (Figure 2 ). When these relationships were assessed in newborns divided by gender, leptin showed a signi®cant relationship with gestational age, birth weight (Z-score) and insulin in males, and with gestational age, birth weight (Z-score) and cortisol in females.
Multiple regression analysis run with a stepwise procedure showed that, after checking for the effect of each possible in¯uencing variable, Z-score birth weight, gender, and cortisol were the only variables in the model with a signi®cant effect on serum leptin, accounting for %44% of inter-individual variability of serum leptin concentrations in newborn babies.
Discussion
Our data indicated that newborns' leptin concentrations are comparable to those previously found in normal-weight adults. 5 Furthermore, as in adults, these values differ signi®cantly between sexes, being higher in females than in males. 1 ± 7 In adolescents and adults, most of the differences may be explained by differences in body composition, fat mass in particular. In normal-weight subjects, males usually have a lower relative fat mass than females, both during and IGF-1 insulin-like growth factor-1; SHBG sex hormone binding globulin. *P`0.05; **P`0.01; ***P`0.001. Figure 1 Correlation between log 10 leptin serum concentration and body weight at birth in newborns (r 0.56, P`0.001). Males: log 10 leptin (log 10 ngaml) À1.03 0.497 weight (kg); r 0.76, P`0.001; females: log 10 leptin (log 10 ngaml) À0.36 0.387 weight (kg); r 0.70, P`0.001. Figure 2 Correlation between log 10 leptin serum concentration and serum insulin in newborns (r 0.31, P 0.006). Males: log 10 leptin (log 10 ngaml) 0.52 0.026 serum insulin (uUIaml); r 0.36, P`0.05; females: log 10 leptin (log 10 ngaml) 0.8 0.015 serum insulin (uUIal); r 0.19, P n.s.
Leptin in cord blood C Maffeis et al after puberty. 16 In contrast, in the prepubertal phase, there is only a subtle difference in creative adiposity between males and females. 16 At birth, relative fat mass was reported to be %14.9% of total body weight in females and %13.7% in males. 19 This makes it unlikely that differences in body composition are entirely responsible for the higher serum leptin concentrations we found in females at birth.
An accurate and reproducible measurement of body composition is dif®cult to obtain in adults as well as in children. Particularly in newborns, rapid changes in the hydration level following delivery and the ethical and practical dif®culties involved in carrying out an accurate body composition measurement immediately after birth make it extremely dif®cult to obtain a reliable estimation of fat mass. Nevertheless, the close relationship between serum leptin concentration and birth weight (Figure 1) probably indicates a closer relationship with fat mass. Birth weight accounted for %30% of inter-individual variability of leptin serum concentrations in both sexes. Several other factors may potentially play a role in regulating leptin concentrations. However, the results of this study show that IGF-1, sex hormones, and insulin were not associated with leptin in new-borns when Z-score of birth weight, gender, and cortisol were taken into account. These three variables were able to explain %44% of inter-individual variability of serum leptin concentrations in newborns.
Previous studies, which evaluated gender differences in leptin concentrations of newborns, have had con¯icting results. 1 ± 4 In the present study, females showed higher leptin values than males and, moreover, gender was an independent predictor of serum leptin concentrations. Jaquet et al. 1 recently assessed serum leptin concentrations in foetuses during the second half of pregnancy, and found a tendency towards higher leptin values in females from the age of 34 weeks to birth, which is consistent with our results. Interestingly, in newborns, gender was independently associated with leptin concentrations also in subjects with intrauterine growth retardation, which have considerable reductions in the accumulation of fat mass. 1 As a whole, these ®ndings strongly support the hypothesis that gender regulates leptin concentrations independently of sex differences in fat mass and fat distribution. Interestingly, this study as well as another recent study, 2 which reports a gender difference of cord leptin concentration at birth, were performed on babies after vaginal delivery. Another study, performed on babies born`mainly' from Caesarean sections, failed to ®nd a gender effect on leptin concentrations at birth. 4 A consistent umbilical arteryaumbilical vein gradient was described for leptin at vaginal delivery. 3 Therefore, we cannot exclude the fact that the apparent gender difference may be related to the placental metabolism of leptin during labour. Moreover, no relationship was found between testosterone, SHBG and serum leptin concentrations. Thus, the mechanisms by which gender causes the sexual dimorphism of serum leptin concentrations in newborns remain to be determined.
In the present study, insulin, IGF-1 and cortisol were associated with serum leptin concentrations. However, multiple regression analysis con®rmed an independent effect for cortisol alone, which was the only hormone able to improve the ®t of the model. In vitro studies showed that cortisol induces leptin secretion by adipocytes.
14 Consistently, in vivo leptin concentrations are increased in both endogenous and exogenous hypercortisolism. 20, 21 Nevertheless, leptin concentrations in patients with Cushing's disease may be considered appropriately high due to their increased body mass; they did not decline after curative surgery of the pituitary adenoma. 20 Furthermore, the effect of physiological amounts of glucocorticoids on serum leptin changes in vivo is still to be determined, especially during foetal life. 22 It also remains to be determined whether stress induced by vaginal delivery may help to explain the relationship between leptin and cortisol at birth.
Placental weight was slightly but signi®cantly higher in males than in females. The reason for this difference is not clear. No differences in voluntary habits (especially smoking) or medical history during pregnancy were found between mothers who had males and those who had females. Moreover, placental weight did not affect newborns' leptin concentrations.
From the results of the present study, we may conclude that: (1) birth weight is the main predictor of serum leptin concentrations in newborns; (2) female newborns at birth have signi®cantly higher serum leptin values than males; and (3) serum insulin, IGF-1, testosterone, and SHBG did not independently affect leptin inter-individual variability when Z-score body weight, gender and cortisol were taken into account. Other sex-related factors may be involved in the regulation of circulating leptin concentrations in newborns.
